We report on strong pretransitional effects across the isotropic liquid-plastic crystal melting temperature in linear and nonlinear dielectric response. Studies were carried out for cyclooctanol (C8H16O) in the unprecedented range of temperatures 120 K < T < 345 K. Such pretransitional effects have not yet been reported in any plastic crystals. Results include the discovery of the experimental manifestation of the Mossotti Catastrophe behavior, so far considered only as a hypothetical paradox. The model interpretations of experimental findings are proposed. We parallel the observed pretransitional behavior with the one observed in octyloxycyanobiphenyl (8OCB), typical liquid crystal (LC), displaying a reversed sequence of phase transitions in orientational and translational degrees of order on varying temperature. Furthermore, in its nematic phase, we demonstrate first-ever observed temperature-driven crossover between regions dominated by isotropic liquid and smectic A pretransitional fluctuations. We propose a pioneering minimal model describing plastic crystal phase behavior where we mimic derivation of classical Landau-de Gennes-Ginzburg modelling of Isotropic -Nematic -Smectic A LC phase behavior.
I. INTRODUCTION
Orientationally disordered crystals (ODICs) [1] [2] [3] , also referred to as plastic crystals (PC), and liquid crystals (LCs) [4] [5] are mesophases that can exist between the isotropic liquid and solid crystalline phases. Their unique properties are associated with the dominance of a single element of symmetry. For example, the nematic LC phase, representing the simplest LC configuration, is characterized by the orientational order and the translational disorder. [4] [5] On the contrary, ODICs exhibit translational order and orientational disorder. [1] [2] [3] These configurations can be considered as convenient, simple and test-bed systems, from which fundamentals of the impact of different sequences of orientational and translational phase ordering on material properties could be extracted. [1] [2] [3] [4] [5] [6] [7] [8] [9] In particular, isotropic liquid (I) -mesophase (M) transitions are associated with melting/freezing of only a single element of symmetry. 5 The strong electric field related counterpart of dielectric constant is the nonlinear dielectric effect (NDE) [45] [46] [47] :
, where represents the dielectric constant and for the nonlinear dielectric effect metric:
NDE was calculated using Eq. (1) from dielectric constant values in the middle of the static domain from spectra as shown in Figure 1 .
As the representative ODIC-type system we chose the cyclooctanol (C8H16O). Dielectric measurements were carried out in the extreme range of temperatures 120 < < 345 .
Cyclooctanol is one of the most classical glass-forming materials, exhibiting the I-PC melting at I ≈ 278 − 292.5 K, and subsequently the vitrification, for which the glass transition temperature 9 is reported within the temperature window 150 K-240 K. [24] [25] [26] [27] [28] [29] The material, with the highest declared purity, was purchased in Sigma-Aldrich. It was additionally dried using 4 Å molecular sieves.
Tests focused on the real part of dielectric permittivity and dielectric constant are hardly carried out for ODIC-forming materials so far. Examples of spectra under the weak and strong electric fields are shown in Figure 1 . The horizontal parts determine the dielectric constant:
. Under the weak electric field there is a notable impact of ionic dopants related to the notable increase for lower frequencies ( < 100 Hz), reflecting the Maxwell-Wagner process. [44] This phenomenon disappears under a strong electric field. The slowing down on cooling towards the glass transition causes that for the ODIC phase the impact of the high frequency relaxation process becomes detectable at lower and lower frequencies.
( ) ( ) As an LC representative system, we used octyloxycyanobiphenyl (8OCB). It consists of rod-like molecules with a relatively large permanent dipole moment ≈ 6.6 D parallel to the long molecular axis. It exhibits the following mesomorphism: isotropic liquid (I) -(352.7 K) -nematic (N) -(339.8 K) -Smectic A (SmA) -(322.1 K) -crystal (Cr). It belongs to the group of classical LC compounds, and it is included to LC mixtures for displays applications. [5, 6] 
III. RESULTS
We measured linear and nonlinear dielectric response in representative LC and ODIC materials, focusing on pretransitional phenomena. We first present the characteristic dielectric response of liquid crystalline 8OCB. Then a detailed study of plastic crystalline C8H16O is subsequently presented. 
A. LC-forming materials: the case of 8OCB
When passing the isotropic liquid (I) -nematic (N) clearing (melting) temperature solely the orientational ordering freezes/melts whereas the translational fluid-like disarrangement remains.
For phase transitions associated with smectic mesophases also some elements of a limited translational ordering appear. [5, 6] Dielectric constant measurements reveal efficient macroscopic consequences of melting/freezing in LC materials. This physical property fingerprints effective dipole-dipole arrangements. Note that rod-like LC mesophases exhibit the head-to-tail invariance of the nematic director field , which determines local uniaxial orientational LC order. If such LC compound molecule contains the permanent dipole moment parallel to the long molecular axis, then ± invariance in the nematic phase favors cancellation of dipole moments. [5, 6] The broadband dielectric spectroscopy is the basic tool also for determining dielectric constant as the stationary, frequency independent, domain of the reals part of dielectric permittivity ( ). The imaginary part of dielectric permittivity enables tests of dynamics associated with permanent dipole moments via the structural (primary, alpha) relaxation time determined from related loss curves peaks . [48] Figure 2 shows the temperature evolution of dielectric constant in the broad range of temperatures for 8OCB, encompassing isotropic, nematic and SmA phase regimes. Temperature changes of dielectric constant in the isotropic liquid phase are well portrayed by the relation: [49] ( ) = * + @ ( − W * ) + @ ( − W * ) (YEZ)
describing dielectric response on lowering temperature. It holds ; is the temperature of the hypothetical continuous phase transition, determines the isotropicnematic transition and is the metric of the discontinuity of the phase transition, * , @ , @ are phenomenological constants, and ≈ 0.5 is the critical exponent. Note that the temperature window described well with Eq. (2) extends up to at least . In the nematic phase, rod-like dipolar LC molecules are easily oriented an external field, then components of dielectric constant for molecules predominantly oriented perpendicularly (^) and parellely ( ∥ ) in the respect to the measuring electric field should be considered. [5, 6] This was made by the strong magnetic field (B ~ 1 T). The dielectric anisotropy , is commonly used to measure the order parameter in the nematic phase. In the nematic phase it holds that : in 8OCB the classical tricritical value of the exponent -= D e e e ( ) ( ) b was reported. [59] Furthermore, the diameter of dielectric constant ] = (2^+ ∥ )/3
is often of interest because it is related to the mean dielectric response of a dielectric constant in the nematic phase. [5, 6] Its evolution in the nematic phase van be well portrayed by the relations: [50] ] ( ) = a * + a ( a * − ) + a ( a * − ) (YEZ) , We stress that Figure 2 reveals that the nematic phase is not homogeneous, the fact which has been (very) hardly indicated in the physics of liquid crystals so far. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] There are two domains linked to vicinities of and phase transitions. This is particularly visible for the distortions sensitive plot shown in the inset in Figure 2 , which also evidences the validity of ansatz used in fitting experimental measurements via Eqs. The temperature evolution of the strong electric field (E) related (nonlinear) counterpart of dielectric constant, is shown in Figure 3 . This magnitude, known as the nonlinear dielectric effect (NDE), exhibits an extreme pretransitional anomaly in the isotropic liquid phase of LC materials, portrayed by the following relation: [51] [52] [53] [54] [55] where C is the material constant and W * is the temperature of the hypothetical continuous phase transition as discussed above.
Parallel relations describe the behavior of the intensity of the scattered light, Cotton-Mouton effect or the Kerr effect in the isotropic liquid phase of nematic LC materials. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In fact, those studies were the inspiration for the Landau-de Gennes model (LdG), the key theoretical concepts for the physics of liquid crystals, [5, 6] and for the general soft matter physics. [16, 17] Note that NDE is the only method for which Eq. (5) also obeys for I-N, I-SmA, I-SmE, I-N* transitions. This is associated with the fact that for NDE the measurement time scale, related to the radiofrequency of the weak measuring field . [51] [52] [53] [54] [55] For KE, CME or IL , what is associated with the light -related measurement frequency. Eq. (5) can be derived from LdG model-based consideration and also from the expression originally derived to model NDE and KE pre-critical effects on approaching the critical consolute point in binary mixtures of limited miscibility or the gas-liquid critical point: [56] [57] [58] 
where stands for the averaged square of the order parameter fluctuations and denotes the compressibility (order parameter related susceptibility). The critical temperature is associated with the critical temperature of a continuous phase transition. For the isotropic phase of LC materials, it then holds .
In the isotropic liquid phase, the mean-field approximation works relatively well, owing to the elongated and rod-like form of LC molecules which increases the number of neighboring molecules. It is notable that both compressing and strong electric field can change the volume/shape of pretransitional fluctuations but cannot influence dielectric constant related to prenematic fluctuations. Consequently, in the isotropic liquid phase, it is reasonable to set and with the classical exponent , what leads (5) . Notable, that in the isotropic phase changes in dielectric constant are well described using Eq. (2) up to at least 70 K above the clearing temperature. For NDE the pretransitional effect described by Eq. (5) persist till . [51] [52] [53] [54] [55] This can be linked to the reduction of pre-mesomorphic fluctuations to 2-3 molecules, and what make their detection by methods directly coupled to their presence, such as NDE, impossible.
B. ODIC-forming materials: the case of cyclooctanol
For plastic crystalline materials when cooling below the I-ODIC freezing/melting temperature the translational ordering appears but the orientational freedom remains.
Experimental evidences from previously published results [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] seems to be clear: there are no pretransitional behavior in the surrounding of , contrary to the discussed above case of LC materials. Note that on cooling ODIC forming materials most often terminate in the orientationally disordered solid glass state. Consequently, studies of such systems are focused mainly on the glass transition problem, for which the enormous shift of the primary relaxation time from pico-/nanoseconds to ( 9 ) ≈ 100 s at the glass temperature 9 is the key artifact.
Consequently, the broad band dielectric spectroscopy (BDS) is an appropriate experimental research tool to study main features of ODICs. Arrows pointing upwards are related to previously published values of relevant critical temperatures: (i) blue, dashed, [25] (ii) dotted, pink, [27] and (iii) dot-dashed, green. [28] 
suggested three possible glass temperatures (Tg1, Tg2, Tg3). These values are shown in Figure 4 by dashed arrows, oriented upwards. The scan of the dielectric constant sheds new light on ODIC mesomorphism and characteristic temperatures in C8OH. There are also characteristic temperatures not specified so far, such as associated with the sharp crossover and linked to the change . The question arises for , indicated earlier as the phase transition between SI and SII ODIC phase. As shown below, can be associated with crossover between two pretransitional domains in the ODIC phase. Worth recalling is a similar crossover occurring in the nematic phase of liquid crystalline 8OCB, see Figure 2 . Changes of values can be associated with the increase/decrease of the freedom of permanent dipole moment for following changes in the electric field. The behavior described by or indicates the preference for parallel or antiparallel arrangements of permanent dipole moments. [45] Figure 5 shows the temperature evolution of the reciprocal of dielectric constant, which reveals simple forms of the temperature evolutions in the isotropic liquid for and in the ODIC phase for :
where a, b, A are constants and q denotes the extrapolated singular temperature; the linear regression analysis yields in the liquid phase q = 195 K ( = 1078 K), and q = 115 K ( = 2490 K) in the ODIC phase.
Such a description is also validated by the distortions-the sensitive derivative plot shown in the upper inset in Figure 5 . Its parameterization shows that in the immediate vicinity of the additional critical-like behavior appears: 
There is a strong and long-temperature range pretransitional effect in the liquid phase, extended even up to ca. r ≈ I + 50 K, well portrayed by the relation: (8) where the exponent and is the singular temperature, possibly that associated with a hypothetical hidden continuous phase transition. The value of can be considered as the metric of phase transition discontinuity. Notable, that this value is similar to ones detected for I-SmE transitions in liquid crystalline material via NDE measurements. [47, 55] It is worth recalling that the SmE phase the orientational arrangement is assisted by so complex translational structure that such materials are encountered both to liquid crystalline and generalized plastic crystalline materials. [6, 55] Note, that for transition approximately the same value of the singular temperature * ≈ 276 K were obtained from NDE studies (Eq. (8)) and from subtle changes of dielectric constant in the immediate vicinity of (Eq. (7a)). The comparison of discontinuities of phase transitions yields . This value is similar to the ones noted for the and phase transitions in liquid crystalline materials. [50] IV. DISCUSSION 
We originate from the classical Claussius-Mossotti equation, which relates the macroscopic dielectric response with microscopic dipolar properties (see Appendix B). We set that the system consists of two different types of electric dipoles, to which we refer as collective and non-collective dipoles, respectively. The former (latter) behave as effectively coupled (noncoupled) ensemble. The total electric polarization of the system is then expressed as
where the superscripts (c) and (n) refer to collective and non-collective contributions, is the polarizability constant, n labels volume density of electric dipoles, p stands for an average electric dipole experiencing the local electric field y7v . Furthermore, we assume y7v
(v)~y 7v
We set that the collective dipolar response exhibits temperature driven phase transition at the critical temperature v . We define the orientational order parameter amplitude 7 of the phase transition by
where denotes a temporal orientation of a dipole, <….> stands for the ensemble average, and is the angle between the unit vectors and A . Therefore, isotropic distribution of or their strict alignment along the symmetry breaking direction A results in 7 =0 or 7 =1, respectively. Consequently, an average collective electric dipole can be expressed as
The corresponding free energy density f describing the critical behavior is given by = v + A . It consists of the condensation ( v ) and the external field ( A ) contributions:
Here we use the simplest possible modeling to illustrate the mechanism yielding the observed pretransitional behavior. The more detailed description is presented in Appendix A. The condensation term describes the temperature-driven critical behavior of collective dipoles for y7v = 0. The quantities • > 0 and b are the Landau expansion coefficients. For b>0 the phase transition is discontinuous and * determines the supercooling temperature.
A finite value of E (and consequently y7v ) enforces a finite macroscopic dipolar orientational ordering in the whole temperature regime. For relatively high temperatures it holds
The minimization of the above relation with respect to 7 yields
Considering Eq. (9) 
which predicts a critical-like response for temperatures > q . The equation exhibits the Claussius-Mossotti catastrophe at = q .
In the above description we considered only the phase transition in the orientational degree of order. However, in the studied ODIC system there is a sequence of phase transitions in translational degrees of freedom in the temperature regime above v . In general the translational and orientational degrees are weakly coupled (see Appendix A), which manifests in different measured values of q above and below I , as evidences Figure 5 . Furthermore, the above description assumes ferroelectrically ordered orientationally ordered phase.
to ordering in an anti-ferroelectric subdomain. A possible qualitative explanation for the observed pretransitional behaviors in 8OCB is as follows. In both linear and nonlinear regime, the system consists of a "sea" of strongly fluctuating (but weakly ordered by ) LC molecules within which exist "islands" (clusters) exhibiting relatively strong paranematic order. The former molecules effectively behave like non-collective system members. Their orientational order is dominated by thermal fluctuations.
On the contrary, paranematic clusters correspond to relatively ordered domain regions, each characterized by an average local symmetry breaking direction (v) . These regions contribute to the collective response, which is dominated by nematic interactions. These favor locally parallel mutual orientation (exhibiting head-to-tail invariance) of neighboring LC molecules.
We henceforth label quantities referring to non-collective and collective contributions with superscripts (n) and (c) , respectively. Hence, we express the total dielectric response as
where = (8) + (v) determines the total volume of a sample. On decreasing T the relative presence of collective contribution increases. Namely, it roughly holds (v)~8 n , where N determines the number of nucleated paranematic clusters, and 8 is the nematic order parameter correlation length which increases on approaching v .
In the linear regime, the orientational probability distribution function of (v) is roughly isotropic. Consequently, we claim that for temperatures > v it holds (v) < (8) . Namely, On the contrary, in the nonlinear regime, the external field is strong enough to align (v) of most of clusters along . Consequently, in this regime the (v) response is dominated by ∥ contribution, where ∥ ≫^. This yields monotonically increasing dielectric response on decreasing T. In the case of ODIC situation is much more complicated. Namely, both pretransitional clusters in translational and orientational order are expected.
V. CONCLUSIONS
The advanced way of dielectric constant determination from BDS spectra matched with the extreme range of temperatures studied (120 K < T < 350 K, for 220 selected temperatures) and supported nonlinear dielectric effect studies led to the qualitatively new insight into the physical properties of ODIC-forming cyclooctanol. Such unique experimental results led to the evidence for a well-defined pretransitional effect both for the isotropic liquid-ODIC transition and within the ODIC phase. To confirm these results additional NDE measurements have been carried out using the dual field measurement principle, being the extreme resolution method associated with strong dielectric field pulses limited to only a few milliseconds.
The analysis of the reciprocal of dielectric constant vs. temperature showed that ODICforming materials, both in the liquid and ODIC phase, can constitute the system were the Mossotti catastrophe [50, 56] is the experimental fact, not only the interesting speculative paradox.
Consequently, the question arises of designed studies on ODIC-forming systems can lead to a new type of ferroelectric material?
Finally, this report indicates the possible significance of studies in symmetry-selected systems for approaching the cognitive breakthrough for the puzzling case of discontinuous phase transitions.
APPENDIX A: ODIC MINIMAL MODEL
Below we propose a minimal model for temperature-driven liquid-plastic crystal-crystal phase transition sequence, which we henceforth refer as the ODIC model. We introduce it based on the analogous behavior in ordinary thermotropic liquid crystals, while in the ODIC case we reverse the phase transition sequence in which an orientational and translational order appear.
We first recall a minimal model describing the thermotropic isotropic (I) -nematic (N) -smectic A (SmA) liquid crystal phase sequence on decreasing temperature. Then we present our minimal ODIC model.
Liquid crystals
We consider bulk thermotropic LCs, which exhibit on lowering temperature liquid (isotropic), orientational nematic (N) order, and smectic A (SmA) order. For this purpose, we use a simple Landau-de Gennes-type [4] [5] [6] uniaxial mesoscopic description. The uniaxial orientational nematic order is described by the uniaxial tensor nematic order parameter
consisting of the uniaxial order parameter and the nematic director field . Here ∈ [−1/2,1] reveals the degree of nematic ordering. Note that states = ±1 are physically different, and S=0 fingerprints the isotropic order. The unit vector field exhibits the head-to-tail invariance,
i.e., the states ± are physically equivalent. The smectic A translational order is determined by the complex smectic order parameter
The In terms of the nematic and smectic order parameters, we express the free energy These terms are (in the lowest order expansion necessary to describe a sequence of I-N and N-SmA phase transitions) commonly expressed as follows: [16] 8
(v) = 8 ( − 8 * ) l − 8 n + 8 ƒ , (A3a)
The quantities 8 
Minimal ODIC model
We next consider the simplest possible mesoscopic modeling of plastic crystals. We refer to the corresponding minimal approach as the ODIC model. In the modeling, we originate from the minimal Landau-de Gennes model, which is designed to describe the sequence of phases, where first the nematic orientational order, and afterward additional translational order appears on decreasing temperature from the isotropic (liquid) phase. In the ODIC model, we assume the following sequence of 1 st order phase transitions on decreasing temperature: liquid (L), plastic (P), crystal (C) phase. Long-range translational order is established at the L-P transition. In the subsequent P-C transition an additional orientational order also appears, which we describe by a vector order parameter. Therefore, the sequence in which ordering in orientational and translational ordering appears are in these cases reversed. We also propose an explanation why the P-C transition is often replaced by a glass-type transformation.
Following LC example, we describe a translational ordering with the complex order parameter = 5 ™š .
The amplitude mt measures the degree of translational ordering and the phase determines the translational structural ordering. For example, a structure exhibiting a simple periodic undulation determined by the wave vector = 5 (where | 5 | = 1), is described by
We describe the orientational ordering with the vector
where the amplitude mo measures the degree of orientational ordering, and the unit vector 7 points along a locally selected direction.
In terms of these fields we describe the phase sequence liquid-plastic-crystal phase on reducing the temperature. These phases are characterized by { 7 = 0, 5 = 0}, { 7 = f 0, 5 > 0}, and { 7 > 0, 5 > 0}, respectively. Using a standard Landau-type phenomenological approach we write the free energy density f as an expansion in order parameters and , where symmetry allowed terms are considered. We express it as a sum containing only translational (ft) and orientational (fo) degrees of freedom, and the term ( ) describing the coupling between these degrees. We further decompose (where the subscript d stands either for t or o) into the sum of the condensation , elastic , external field contribution. These terms are in the lowest order expansion necessary to describe sequence of 1 st order phase transitions L-P and P-C expressed as follows: 
The quantities are positive material constants enabling a 1 st order L-P and P-C phase transitions. If the order parameters are decoupled and in absence of external fields (i.e., ), then and determine the supercooling liquid and plastic phase temperature, respectively. We set . The translational elastic term for a positive translational elastic module enforces = • . and uniform value of mt, where the wave
vector • determines the translational symmetry in the plastic phase. Note the difference between the translational elastic terms describing plastic and SmA phase ordering (see Eq.
(A3e) and Eq. (A7b)). In LCs the nematic orientational order introduces a symmetry breaking direction along which translational order is established in the SmA phase. On the contrary in the plastic phase, the orientational order is absent. The quantity /¢¢ = + 6¢ = /¢¢ /¢¢ (A8) stands for an effective electric field, which we decompose into an ordering ( = A ) and random field-type ( 6¢ = 6¢ 6¢ ) component, and { /¢¢ , A , 6¢ } are unit vectors. Here determines a field contribution due to an applied external voltage to a cell confining a sample.
If the constants 5 (Y) and 5 (l) are positive, ±⃗ promotes the formation of translational ordering.
Due to symmetry consideration these terms are in the lowest order proportional with The term weighted with 5 (Y) ( 5 (l) ) enforces isotropic (anisotropic) translational ordering if ≠ 0.
In cases, where a crystal phase is replaced by a short-ranged glass-like phase, we assume a strong enough value of 6¢ . The latter contribution could arise due to spatially nonuniform orientation of molecular electric dipoles within a system. Note that in general both the amplitude Eeff and /¢¢ might exhibit random variations.
A positive orientational elastic module 7 favors homogeneous (i.e. mo is spatially uniform) and uniform orientational ordering along a symmetry breaking direction. The vector character of the orientational order parameter allows linear coupling with external field. The constant 7 determines the coupling strength with an effective electric field /¢¢ . For a positive value, it tends to locally align along the field direction.
The term fc couples translational and orientational degrees of freedom. Due to symmetry requirements, it is in the lowest order expansion in order parameters proportional to 7 l 5 l . We assume that both coupling constants d1 and d2 are positive, promoting mutual appearance of both degrees of ordering. The term proportional to d1 (d2) is isotropic (anisotropic).
We next consider a case when a constant external electric field E is applied and focus on the E-driven pretransitional response. We set that the coupling of E with the orientational degrees is stronger than with the translational order. Consequently, we neglect the free energy contribution given by Eq. (A7c) . We also assume that E>> 6¢ . We set the spatially homogeneous order parameter. Furthermore, we assume that the dielectric response is dominated by orientational order, consequently we focus on 7 ( ) behavior.
For E>0 the most important free energy density f contributions for temperatures > 7 * are
Minimization of f with respect to 7 yields (v) . Next we discuss conditions for which glass-type structures are expected. In the analysis above we neglected presence of random fields. These are in our treatment mimicked by 6¢ = 6¢ 6¢ , see Eq.(A8). Their presence might have strong effects on the P-C phase transition. Namely, this transition corresponds to the continuous symmetry breaking in orientational ordering, which is directly coupled with 6¢ (see Eq. (A7f)). According to the Imry-Ma theorem, [61, 62] one of the pivotal theorems of statistical mechanics of disordered systems, even an infinitesimally weak random field-type disorder breaks long-range order due to the presence of Goldstone fluctuations in m. These are inevitable present due to the continuous symmetry breaking. The resulting configurations are expected to exhibit short-range order and well-characterized by a single domain length. However, recent studies [62] suggest that finite field strength is needed to establish short-range order in systems of our interest.
APPENDIX B: CLAUSSIUS-MOSSOTI EQUATION
Here we recall the derivation of the classical Claussius-Mossoti equation which relates macroscopic dielectric response, represented by , with microscopic dipolar properties, represented by the dipolar polarisability . [45, 59, 60] We consider spatially homogeneous dielectric system, whose total electric dipole polarization equals zero in the absence of an external electric field . For the sake of simplicity, we represent the dielectric response with the scalar (i.e., orientationally independent) dielectric constant . In presence of the macroscopic polarisation appears:
Furthermore, it holds ~ , where stands for an average electric dipole and n is the volume density of dipoles. For relatively weak external dielectric fields one assumes a linear-type response ~y 7v ,
where is the polarizability constant, and To overcome the paradox more realistic local fields were developed. [45, 59, 60] However, the question arises what happens if a system of non-interacting or weakly interacting permanent dipole moment appears to be experimentally accessible? Is this the case of ODIC-forming materials? 
